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Abstract 
Water management is one of the major areas of interest in the fuel cell research community. Previous 
studies have shown enhancement in water management and fuel cell performance using a parallel flow 
field design including a metallic foam structure in the channels of the cathode flow field [1]. In this paper, 
metallic foams are used in a new geometry and are applied to both cathode and anode flow fields to 
improve water removal, reduce production costs, and enhance the overall performance.  The metallic 
foam increases turbulent mixing in the flow fields which prevents the formation of a laminar boundary 
layer at the surface of the gas diffusion layer (GDL). The foam also serves as a moisture wick removing 
liquid water away from the GDL while maintaining the level of moisture required avoiding dehydration 
of the membrane. In this study, the performance tests are conducted at a variety of dew point temperatures 
to determine the water management properties of the metallic foam in the new geometry. The 
performance of the metallic foam will be compared to that of a standard serpentine graphite flow field. 
The major criteria will include performance at nominal voltage and current and high current stability. 
 
© 2012 Published by Elsevier Ltd.  
Selection and/or peer-review under responsibility of Canadian Hydrogen and Fuel Cell Association 
 
Keywords: Metallic Foam; Flow Field; Double Sepentine Channels; Humidity; Polarization Curve 
1. Introduction 
Water management is a critical issue for Proton Exchange Membrane (PEM) fuel cells [1]. The 
membrane must be kept sufficiently hydrated to maintain proton conductivity. However, excess water 
blocks fresh reactants from reaching the active sites for the reaction to take place. The scope of the 
problem must be managed at three levels to provide favourable conditions for the fuel cell membrane. 
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From a microscopic level, water must be moved away from the active sites. This action is accomplished 
by a Gas Diffusion Layer (GDL) which provides channels for reactants to move towards the catalyst layer 
coated on the membrane and for water to move away from that layer. 
 
The second level of water management is the removal of water from the GDL into the flow channels. 
This function is usually completed by the shear force of the moving reactant gases. The third level of 
water management is the removal of the water from the fuel cell device. This level is also managed by the 
shear force of the reactant gases. The amount of water removal is normally controlled by the flow rate of 
the gases and facilitated by the design of the flow field. 
 
Experiments have been conducted with positive results where metallic foam is used to replace a 
standard serpentine or parallel flow field [2]. Kumar and Reddy concluded that a decrease in permeability 
of the foam caused an increase in the performance. Friess et al. [3] conducted an experiment with the 
metallic foam inside a parallel flow channel and found improvements in performance with a metallic 
foam compared to an identical channel without foam. This study aimed to extend the flow field structure 
proposed by Friess et al. [3] by redesigning the channels to enhance manufacturability. The new design is 
tested in a series of experiments to evaluate the performance of the new design across a wide range of 
humidity levels. 
2. Design 
There were multiple goals intended for the design of this flow field, some of which were not realized. 
The features of the proposed flow field design are the overall shape, channel distribution and pore density 
of the foam. The main objective is to take advantage of the water wicking properties of the foam to 
improve water management in the flow field. The triangular shape of the flow field outlet was initially 
chosen to allow water to collect at a single point for removal (see Figure 1). The same triangular shape 
was used at the inlet to maintain symmetry as it allows the same design to be used for both cathode and 
anode. Distribution of flow also is maintained by the foam. 
 
The channels which are filled with foam are 2 mm wide and are separated by 1 mm lands. A larger 
channel to land ratio can be used because the foam serves as an electrical connection as well. Foam with 
the pore density of 50 pores per inch was chosen. The foam was further compressed to half its original 
size to double the pore density in one dimension. This pore density was found to wick sufficient water 
away from a wet surface while keeping pores sufficiently open to allow for free gas flow. 
 
 
Fig. 1 (a) Schematic of Foam Flow Field (b) Photograph of Foam Flow Field 
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3. Methods 
The goal of this study is to evaluate the performance of the foam channel compared to a graphite 
serpentine channel of identical active area. Standard test parameters were chosen and are summarized in 
Table 1. 
Table 1. Test Parameters 
Test Parameter Parameter Value 
Active Area 5 cm2 
Cell Temperature 70°C 
Fuel Temperature 70°C 
Fuel Dew Point 70°C 
Air Temperature 70°C 
Air Dew Point 24-70°C (Experimental Parameter) 
Fuel Flow Rate 100 SCCM or ST 1.3* 
Air Flow Rate 200 SCCM or ST 3* 
* Between SCCM and ST, the greater is chosen 
The membrane electrode assembly (MEA) chosen for the experiments is Nafion® 212 purchased from 
Lynntech . The 5 layer MEA has a catalyst loading of 4 mg platinum black/cm2 and an ETek gas 
diffusion layer with micro-porous layer. 
 
The test routine used in the experiments consists of two steps: a warm-up period and a current 
staircase. The warm-up period consists of a constant current load of 5 amps for four hours to ensure a 
steady state humidity level in the system. After the warm-up, a short 5 minute rest precedes the test run. 
The test is a current staircase where a current is drawn in increasing 0.1 A steps for 10 minutes at a time. 
This current staircase schedule serves two purposes: 1) ensuring a steady state condition in each time 
step; and 2) monitoring any instability in the performance of the fuel cell. Each current staircase cycle 
was carried out at least twice for each test. 
 
4. Results 
The first set of testing was conducted on the graphite double serpentine channel with air dew point 
temperatures ranging from 70°C (100% RH) down to 24°C (9.6% RH). The results are summarized in 
Figure 2. The oxidant dew point temperature is indicated by ODPT. The results suggest that cathode 
humidity is a significant contributor to fuel cell performance when in the graphite serpentine channels are 
used. An increase in ohmic resistance due to drying of the membrane can be clearly observed as the dew 
point temperatures decreases. Peak limiting current is observed at a dew point temperature of 60°C 
(63.9% RH). While the greatest limiting current can be found at a dew point of 60°C, significant 
instability can be noted at those conditions. The instability is likely due to the formation of water slugs in 
one or both of the channels in the double serpentine architecture.  
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Fig. 2. Graphite Serpentine Polarization Curves 
 
The above experiments were repeated using the metallic foam channels (on both anode and cathode) 
with air dew point temperatures ranging from 70°C (100% RH) to 24°C (9.6% RH). The performance 
results for this type of channel are shown in Figure 3. The results show that the foam filled channels are 
relatively insensitive to the changes in the dew point temperature although the limiting current is less than 
the results obtained from the graphite plate. The ohmic resistance of the membrane is not affected 
significantly as the dew point temperature changes. The highest limiting current was reached at a dew 
point temperature of 30°C (13.6% RH) which is significantly less than the humidity level produced the 
maximum current density for the graphite plates. 
 
Insensitivity to the changes in humidity will allow implementation of this concept into systems with 
inexpensive humidification systems or ones without humidification at all because precise control of 
humidity is not necessary to maintain peak performance. A system with this type of flow field will be able 
to run optimally under a very wide range of environmental conditions with minor changes to 
performance. This insensitivity is caused by the reservoir effect of the foam which has high specific 
surface area and low contact angle. These properties allow the foam to hold on to significant amounts of 
water without causing blockage of the channels. 
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Fig. 3. Metallic Foam Polarization Curves 
While the peak current density of the metallic foam was less than that of the serpentine channel, the 
poor performance can be largely attributed to the design of the parallel channels. The whole active area of 
the cell was not properly utilized which resulted in lower limiting currents. Improvements can be made to 
this design by increasing the length of the channels while keeping the same number of channels. This 
modification will more evenly distribute the gas flow over the full active area.  
 
5. Conclusion 
An innovative metallic foam flow plate was designed and its performance was tested against the 
graphite double serpentine plates. The gas and cell temperatures were set at 70°C in all tests with the dew 
point temperature was varied from 70°C to 24°C (RH 100% - 9.6%). As the dew point temperature was 
reduced the performance of the graphite serpentine deteriorated significantly and instability was observed 
at high current densities. The performance of the metallic foam plate, on the other hand, was not affected 
by the change in the dew point temperature. In fact the best performance of the foam filled channel was 
observed at the lower range of humidity than that obtained from the graphite plates although the limiting 
current density of the foam filled channel was less than that obtained from the graphite plate.  
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Future improvements to the foam design include a redesign of the overall geometry to evenly 
distribute the fluid flow as well as a change of material. Because corrosion poses a significant issue for 
flow field plates, a change to graphite plates as well as carbon foam will remove this issue entirely. 
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